Particle tracking and displacement covariance matrix techniques are employed to investigate the phonon dispersion relations of two-dimensional colloidal glasses composed of soft, thermoresponsive microgel particles whose temperature-sensitive size permits in situ variation of particle packing fraction. Bulk, B, and shear, G, moduli of the colloidal glasses are extracted from the dispersion relations as a function of packing fraction, and variation of the ratio G/B with packing fraction is found to agree quantitatively with predictions for jammed packings of frictional soft particles. In addition, G and B individually agree with numerical predictions for frictional particles. This remarkable level of agreement enabled us to extract an energy scale for the inter-particle interaction from the individual elastic constants and to derive an approximate estimate for the inter-particle friction coefficient. 
In the harmonic approximation and in thermal equilib- , where λ are the eigenvalues of covari-
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ance matrix C, and m is the mass of a single sphere.
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The vibrational mode frequencies thus extracted de-
118
pend on the experimental number of snapshots. We cor-
119
rect for the error that arises from using a finite number 120 of frames by extrapolating to N frames = ∞ and assuming
121
that ω varies linearly in 1/N frames , as expected [25, 26] .
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The Fourier decomposition of the eigenmodes into 123 transverse and longitudinal components yields two spec-124 tral functions, f T and f L , respectively, for each mode of 125 frequency ω as a function of wavevector magnitude q: where r n is the equilibrium position of each particle and over the range 0.25 < q < 1.00 µm −1 (solid blue lines).
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The mass density ̺ of the particles and the entire system (Fig. 3a) .
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We also compare the magnitude of G from the experi- 
